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Objective: The aim of this study was investigate the impact of vaginal flora and vaginal inflammation on
conception and early pregnancy loss following in-vitro fertilization (IVF).
Methods: We enrolled 91 women who were undergoing IVF. At embryo transfer (ET), all of the women had
quantitative vaginal culture, ET catheter-tip culture, and vaginal Gram stain scored for bacterial vaginosis and
quantitated for polymorphonuclear leukocytes (PMNs). Conception and early pregnancy loss were compared
with culture and Gram stain results. Statistical analyses included the Chi-square test, Fisher’s exact test and
the Mann–Whitney U-test.
Results: Theoveralllivebirthrate(LBR)was30% (27/91),andtherateofearlypregnancylosswas34% (14/41).In
women with bacterial vaginosis,intermediate flora and normal flora, the conception rates were 30% (3/10), 39%
(12/31) and 52% (26/50), respectively (p = 0.06 for trend). Early pregnancy loss occurred in 33% (1/3), 42%
(5/12) and 31% (8/26) of women, respectively (p = 0.06, comparing intermediate and normal flora). The vaginal
log concentration of hydrogen peroxide-producing lactobacilli was 7.3 ± 1.7 in women with a live birth (n = 27)
and 4.9 ± 2.5 in those with early pregnancy loss (n = 14) (p = 0.1).
Conclusions: IVF patients with bacterial vaginosis and with a decreased vaginal log concentration of hydrogen
peroxide-producing lactobacilli may have decreasedconception rates and increased rates of early pregnancy loss.
A larger prospective treatment trial designed to evaluate the impact on IVF outcomes of optimizing the vaginal
flora prior to IVF may be warranted.
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Every year in the USA, 30 000 women undergo
in-vitro fertilization (IVF), at an estimated cost of
$10 000 per cycle. Pregnancyrates are in the range
25–50%, depending on the center. IVF involves
the placement of fertilized embryo(s) into the
uterine cavity using a catheter that passes through
thecervix. Thelive birthrate(LBR), (thepercent-
age of women undergoing embryo transfer who
deliver a live birth) is influenced by multiple
factors, including the quality of the embryology
laboratory, the presence of antibodies to Chalamy-
dia trachomatis1–3, hydrosalpinx4,5 and maternal
age6. There is mounting evidence that the
cervical–vaginalfloramaystronglyinfluenceLBR.
Several studies have demonstrated a detrimental
effect of pathogenic bacteria cultured from the tip
ofthe embryo transfer catheteron LBR7–10. E.coli,
streptococci (especially Streptococcus viridans) and
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In contrast, recovery of hydrogen peroxide
(H2O2)-producing lactobacilli from the catheter
tip appears to be associated with an increased
LBR10.H2O2-producinglactobacilli helptomain-
tain a healthy vaginal flora. Their recovery from
the transfer catheter tip may reflect the dominance
of lactobacilli, and conversely the absence of other
cervical–vaginal pathogens.
Bacterial vaginosis (BV) represents a shift in
vaginal flora characterized by a loss of H2O2-
producing lactobacilli dominance to a flora that
is characterized by a marked increase in
anaerobes and Gardnerella vaginalis. BV is con-
sistently associated with an increase in infections
following genital procedures, including hyster-
ectomy, elective pregnancy termination and
Cesarean section11–13. IVF patients have a high
(30–40%) prevalence of abnormal vaginal
flora10,14,15. Recently, BV diagnosed early in preg-
nancy has been associated with increased
pregnancy loss at 10–16 weeks in spontaneous
pregnancies16, as well as with early pregnancy loss
after IVF15.
The decrease in LBR following IVF in women
with catheter tip contamination, and in women
with BV, may be caused by decreased conception,
increased early pregnancy loss, or both. A better
understanding of whether genital bacteria have a
negative impact on conceptionor early pregnancy
loss could lead to an efficacious intervention. In
an earlier study of patients undergoing IVF, the
presence of BV did not influence the rate of con-
ception, but BV was associated with increased
pregnancy loss by 6 weeks15. We previously
reported a 70% (7/10) LBR and 0% early preg-
nancy loss in women undergoing IVF when
H2O2-producing lactobacilli were recovered
from the transfer catheter tip. In contrast, when
Streptococcus viridans was recovered from the
catheter tip, only 3 of 17 women (18%) became
pregnant,and two of those three individuals (66%)
had an early pregnancy loss10. In this report, we
shall examine the effect of bacterial vaginosis,
vaginal inflammation and vaginal bacterial con-
centration on conception and early pregnancy loss
following IVF.
SUBJECTS AND METHODS
Patient population
In a 1-year period (from May 1997 to May 1998),
all women presenting for their first cycle of IVF
(n = 235) at the University of Washington were
offered enrolment into a preliminary study to
determine the effect of vaginal and catheter tip
bacteria on the live birth rate. In total, 91 women
(39%) consented. The age of subjects ranged from
21–45 years. Each woman was studied for only
her first cycle, and all specimens collected were
only from that first cycle. Donors or recipients
of donor eggs were specifically excluded.
Women underwent egg retrieval by ultrasound-
guided transvaginal oocyte aspiration. Doxy-
cycline (100 mg orally, twice daily) was started at
thetime of transvaginal oocyteaspiration and con-
tinued for 5 days to reduce clinical pelvic infec-
tion.Embryo transfer tookplace24–60 hourslater
(depending on the woman’s age) when fertilized
embryos were in the 4–8 cell stage. Prior to
transfer, the cervical mucus was aspirated and the
vagina was flushed with the embryo transfer fluid.
Theembryotransfer catheterwas inserted through
the cervix into the uterus, taking care to avoid
the vaginal side-walls. The embryos and transfer
fluid were placed in the endometrial cavity.
Subjects signed a consent form approved by the
University of Washington Human Subjects
Review Committee before entering the study.
Culture collection, microbial isolation and
vaginal smear
At the time of embryo transfer, after insertion of
a vaginal speculum, three sterile cotton swabs
were rubbed on the vaginal wall. One swab was
rolled on a glass slide for Gram staining, and the
flora were later scored for BV on the basis of
Nugent criteria (normal 0–3, intermediate 4–6,
BV 7–10)17. Two swabs were placed in anaerobic
transport media (Port-A-Cul, Becton Dickenson,
Cockeysville, MD). After completion of the
embryo transfer, the catheter tip was cut with
sterile scissors and placed tip first into a second
anaerobic transport medium.
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mately 0.097 g of vaginal fluid18, were placed in
1.5 ml ofphosphate-bufferedsaline (PBS) solution
and vortexed vigorously. Serial 1:10 dilutions
were carried out, and the resulting dilutions were
inoculated on to agar suitable for the recovery of
aerobic and anaerobic microorganisms, yeast and
genital mycoplasmas, as reported previously18.
Culture plates for aerobic (facultative), yeast and
genital mycoplasma microorganisms were incu-
bated at 37°C in 5–10% CO2 and examined after
24–48 hours. Culture plates for anaerobic micro-
organisms were incubated within an anaerobic
glove box for 5 days without interruption.Micro-
organismswere identified as reported previously18,
and hydrogen peroxide production by lactobacilli
was tested as described previously19.
Vaginal smears were quantitated for poly-
morphonuclear leukocytes (PMNs) using ocular
micrometry of five nonadjacent high-power
fields by an investigator who was blinded to the
culture results.
Since the cultures and Gram stain were
collected at the time of embryo transfer, the time
between obtaining the culture result and the
test for conception in each patient was 5 days.
Definitions
Conception was defined as a positive human
chorionic gonadotropin (hCG) titer on day 5.
Early pregnancyloss was defined as a positive hCG
titer on day 5, butno fetal heartbeat on ultrasound
5 weeks after transfer. Live birth was defined as
the live birth of one or more neonates.
Statistical analysis
TheChi-square test ofsignificance was used to test
the relationship between specific bacteria and
quantitated PMNs on vaginal smear. Fisher’s exact
probability test was used when the cell count was
less than5.TheMann–WhitneyU-testwasusedto
test for continuous, non-parametric measures.
RESULTS
The overall LBR was 30% (27/91). As previously
reported, vaginal culture results were not
influenced by doxycycline therapy10. The live
birth rate in women with H2O2-producing lacto-
bacilli on the catheter tip was 70% (7/10), and
in those with Streptococcus viridans on the catheter
tip, the LBR was 6% (1/17) (p < 0.001)10. Con-
ception occurred for 42 of 91 women (46%). We
previously reported that the conception and early
pregnancy loss rates were 18% and 66%, respec-
tively, when S. viridans was recovered, and
70% and 0%, respectively, when H2O2-producing
lactobacilli were recovered10. These results could
indicate that lactobacillus species have a positive
impact on conception and may decrease early
pregnancyloss, orthat lactobacilli simply represent
the absence of other pathogenic bacteria, such as
S. viridans. For this report, we examined concep-
tion and early pregnancy loss in women with
negative catheter tip cultures in an attempt to
address this question. The rate of conception was
18% (3/17) in those with S. viridans isolated from
the catheter tip, 39% (18/46) when no bacteria
were isolated from the catheter tip, and 70%
(7/10) when H2O2-producing lactobacilli were
recovered (p < 0.001 for trend). The rate of early
pregnancy loss was 66% (2/3) with S. viridans,
35% (6/17) if no bacteria were recovered, and
there was no early pregnancy loss (0/7) if
H2O2-producing lactobacilli were recovered
from the catheter tip (p = 0.07 for trend).
The prevalence of women with an abnormal
flora (Gram stain 4–10) was 45% (41/91). The
conception rate was 30% (3/10) in women with
BV, 39% (12/31) in those with an intermediate
flora and 52% (26/50) in those with a normal flora
(p = 0.2, intermediate vs. normal flora). Early
Bacteria and miscarriage in IVF Eckert et al.
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Vaginal Gram stainb
Positive hCG
on day 5
Early
pregnancy lossa
BV flora (n = 10)
Intermediate flora (n = 31)
Normal flora (n = 50)
3 (30%)
12 (39%)
26 (52%)c
33% (1/3)
42% (5/12)
31% (8/26)c
aPositive serum hCG on day 5 after egg removal, but no fetal
heartbeat on ultrasound 5 weeks after egg recovery.  The overall
rate of early pregnancy loss was 33% (14/41);
bCriteria of Nugent
et al
17;
cp = 0.2 intermediate vs. normal flora
Table 1 Influences of vaginal and embryo transfer
catheter microbiology on early pregnancy loss
apregnancy loss occurred in 33% (1/3) of women
with BV and 42% (5/12) of women with an inter-
mediate flora, compared with 31% (8/26) of
women with a normal flora (p = 0.2) (Table 1).
The vaginal log concentrations of H2O2-
producinglactobacilli were higher in women with
positive catheter tip cultures for these organisms10.
Because positive catheter tip cultures are related
to live birth, we examined pregnancy outcome
compared with log concentration of vaginal
culture of H2O2-producing lactobacilli. The
vaginal log concentration of H2O2-producing
Lactobacillusspecies was 7.3 ± 1.7 in women with a
live birth (n = 27) and 4.9 ± 2.5 in those with an
early pregnancyloss(n = 14)(p = 0.1)(Figure1).
Vaginal inflammation, as measured by ‡ 5
PMNs on Gram stain, is compared with catheter
tip cultureresultsinFigure 2. In total,38%(3/8)of
women with H2O2-producing lactobacilli on the
catheter tip, 57% (26/46) of those with no growth
on the catheter tip, and 64% (9/14) of those
with S. viridans on the catheter tip had ‡ 5 PMNs
on vaginal Gram stain (p = 0.2). Overall, the
LBR was 35% (15/43) in those women with
0–4 PMNs, compared with 25% (12/47) in those
with ‡ 5 PMNs (p = 0.3).
DISCUSSION
Evidence is continuing to accumulate that impli-
cates a role of infection in IVF. Four published
studies have demonstrated a decreased LBR in
those IVF patients in whom pathogenic bacteria
were isolated from the embryo transfer cathe-
ter7–10. In one of these studies, an enhanced LBR
was observed in women with H2O2-producing
lactobacilli on the catheter tip. The findings of
studies of the impact of the vaginal flora on LBR
following IVF have not been as consistent. One
study of 301 women failed to detect a differencein
LBR following IVF between women with and
without BV20. However, in that study many of
the women with BV were pretreated with
ofloxacin, which may have biased the results. A
second study of246 women founda trend towards
decreased conception rates and increased rates of
early pregnancy loss in women with BV, but the
sample size was too small to reach the level of
statistical significance14. In the largest study
published to date, of 867 women undergoingIVF,
BV was associated with an increased rate of early
pregnancyloss, butnotwith decreased conception
rates15. These data are consistent with a recently
reported study of 1200 spontaneous pregnancies,
in which BV in the first trimester was associated
with a relative risk of 2.2 (1.2, 4.0) for early
pregnancy loss at 10–16 weeks16.
A better understanding of the relative contri-
butionofdecreased conceptionandincreased early
pregnancy loss may provide insights into the
mechanism of decreased LBR associated with
infection. Ralph et al.15 found no relationship
between the presence of BV and conception in
IVF, but reported increased rates of early preg-
nancy loss in women with BV. Our data suggest
that bothconceptionand early pregnancyloss may
potentially be influenced by S. viridans and BV.
Theisolation of H2O2-producinglactobacilli from
Bacteria and miscarriage in IVF Eckert et al.
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n = 27
p = 0.1
Live births
n = 14
Spontaneous
miscarriage
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Figure 1 Vaginal log concentration of H2O2-producing
lactobacilli may be related to pregnancy outcome
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Figure 2 Vaginal inflammation may be related to
catheter tip culture resultsthe catheter tip was associated with a high (70%)
conception rate. Perhaps more striking was the
0% early pregnancy loss in this group. A larger
study is indicated to confirm these preliminary
results, which suggest a positive impact on LBR
following IVF in those women for whom
H2O2-producing lactobacilli were isolated from
the catheter tip.
We hypothesize that infection may influence
LBR followingIVF inat leasttwoways.Thefirstis
that subacute endometritis, existing prior to IVF,
may decrease implantation or lead to increased
early pregnancy loss. An abnormal vaginal flora
may be one etiology of subacute endometritis. BV
has been associated with endometritis in multiple
studies21,22, including a recent publication asso-
ciating BV with histological endometritis in
women without clinical symptoms of upper
genital tract infection23. Another etiology of pre-
existing subacute endometritis could be previous
intrauterine procedures leading to the intro-
duction of pathogenic bacteria into the uterus.
Women undergoing IVF have often had multiple
intrauterine procedures during previous infertility
treatment. It is not known whether these repeat
intrauterine procedures may result in increased
subacuteendometritiswhichmayinturninfluence
the success rates of IVF. A previous study of
endometrial biopsies obtained from women
undergoing IVF in this institution found that
9% of these patients had histopathological
evidence of endometritis24.
Intrauterine inflammation is a second possible
mechanism by which infection might influence
pregnancy loss. It is plausible that an intrauterine
inflammatory response is inducedby the introduc-
tion of pathogenic bacteria into the endometrial
cavity via the embryo transfer catheter. This
inflammatory response may not be robust enough
to interfere with conception, but may lead to
higher rates of early pregnancy loss. Cytokines are
important in implantation. In mouse models, the
presence of Th2 cytokines, particularly IL-10 and
IL-4, is crucial for implantation and formation
of trophoblastic tissue25. Th2 cytokines are
down-regulated by Th1, pro-inflammatory cyto-
kines25. It is possible that pathogenic bacteria
introduced on the catheter tip may incite
pro-inflammatory cytokines, which may in turn
alter the Th2/Th1 balance. It is not possible to
measure intrauterine inflammation directly, but
cervicovaginal inflammation may be a surrogate.
In mid-trimester pregnant women, vaginal cyto-
kine IL-8 and vaginal PMNs are associated with
increased rates of preterm labor and chorio-
amnionitis26. In this study, we used vaginal PMNs
to detect inflammation. These pilot study results
may be consistent with decreased inflammation
with an H2O2-producing lactobacilli-dominant
vaginal flora, and increased inflammation with
vaginal S. viridans. However, larger numbers
and more sensitive measures of inflammation are
needed.
It is important to remember that success
following IVF is related to many factors. This
and previous studies suggest that vaginal flora and
catheter tip contamination may be one factor.
Multiple other factors are known, as mentioned
previously, and undoubtedlysome of these factors
are interrelated. For example, with increasing
age, the presence of H2O2-producing lactobacilli
declins.Inthisstudy,thelimited numberspreclude
multivariate analyses to adjust for confounding.
For a future trial, the sample size needs to be
sufficiently large to allow controlling for potential
confounding variables.
A better understanding of the effects of the
cervicovaginal flora and catheter contamination
on IVF may allow specific interventions to be
potentially targeted at either establishing a normal
vaginal flora or decreasing a pro-inflammatory
cytokine response. If the cervicovaginal micro-
environment could be optimized before the
patientunderwentIVF,it ispossiblethatdecreased
catheter tip contamination and increased LBR
rates might result. Even a modest increase in
success rates would be significant, given the high
cost and number of women undergoing this
procedure annually. However, until more is
known about specific pathogens and potential
mechanisms, it is prudentto be selective in the use
of antibiotics for this population. Broad-spectrum
antibiotics may alter the vaginal flora and decrease
the number of H2O2-producing lactobacilli,
which may in the long run paradoxically decrease
the success rates of IVF.
Bacteria and miscarriage in IVF Eckert et al.
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